Currently, methods for recovering and identifying Escherichia coli O157:H7 from cattle feces are inconsistent and hindered by their inability to specifically and rapidly detect small numbers of organisms from this complex and highly variable matrix. A standard approach for isolating and characterizing E. coli O157:H7 from cattle feces was compared with a polymerase chain reaction (PCR)-based 5Ј nuclease assay specific for E. coli O157:H7 that included a secondary enrichment step. The PCR-based method proved a better indicator of the presence of the organism than the culture procedure. Retests indicated that the inclusion of a secondary enrichment step and the subsequent analysis by the 5Ј nuclease assay were reproducible and specific. Escherichia coli O157:H7 could be detected in fecal samples that were otherwise negative after a primary enrichment step, immunomagnetic separation, and plating onto sorbitol MacConkey agar plates containing cefixime and tellurite (CT-SMAC). In samples that were initially identified as culture positive but PCR negative, retesting of the culture isolates on CT-SMAC indicated that the sorbitol fermentation interpretations could frequently not be repeated in retests, whereas retesting using the 5Ј nuclease assay on the original samples demonstrated a high level of agreement with the initial PCR conclusions. These results indicate the necessity of confirmatory evaluation of isolates culturally recovered by standard cultural methods that involve the interpretation of CT-SMAC. The high level of disagreement between initial culture results and retests, and the high level of agreement between initial PCR results and retests, indicates the advantages of a gene-based detection system for identifying E. coli O157:H7 in cattle feces. Screening large numbers of fecal samples for E. coli O157:H7 would appear to be feasible by integrating the use of enrichment media in serial rounds of incubation with a PCR-based fluorogenic detection procedure in high throughput detection systems that had automated liquid-handling capabilities.
Hemorrhagic colitis and hemolytic uremic syndrome in humans are associated with the consumption of food contaminated with enterohemorrhagic Escherichia coli (EHEC) O157:H7. 4 The primary source of this contamination is believed to originate from cattle. 18 Farm and feedlot surveys in the United States, Canada, and Europe have demonstrated the low prevalence of E. coli O157:H7 in individual cattle fecal samples, ranging from 0% to 11.1%. [20] [21] [22] [23] 35, 43, 46, 48, 49, 54 These low prevalences may be due in part to a sporadic shedding pattern that has been observed and to the low number of organisms found in many fecal and environmental samples, as well as insensitivity of the detection methods. 21, 35, 43, 46, 53 At the other end of the spectrum, a recent study reported a site-specific fecal prevalence of 60.4% in finished beef feedlot cattle, and this prevalence could be improved to 98.5% by pooling fecal culture results with culture results from sam-ples collected from the oral cavity and various hide locations. 30 There is no consensus in the methodologies used to recover and identify E. coli O157:H7 from cattle feces. Methods for recovering and identifying E. coli O157: H7 from feces have been hindered by their inability to specifically and rapidly detect small numbers of organisms from this complex and highly variable matrix. The inclusion of preenrichment incubations and immunomagnetic separation (IMS), as well as additional selective subculturing or secondary enrichment incubations, has been described to increase the detection rate of E. coli O157:H7 from food and fecal specimens. 1, 2, 5, 7, 10, 16, 27, 28, 39, 46 All these methods depend on isolating individual colonies from selective or indicator medium (or both) and still require further multistep immunological and biochemical tests for confirmation.
Most E. coli O157:H7 isolation methods are based on selectively recognizing the organism's inability to rapidly ferment D-sorbitol. 11, 44, 47 This is accomplished by direct plating of the sample onto sorbitol Mac-Conkey (SMAC) agar plates and then identifying and recovering colonies that exhibit in Ͻ24 hours sorbitolnegative fermentation characteristics (neutral/gray with a smoky center and 1-2 mm in diameter). 24, 33 More complex types of samples can be plated onto SMAC supplemented with cefixime 6 or cefixime and tellurite (CT-SMAC). 52 Recovery rates of E. coli O157:H7 on CT-SMAC appear to decrease when low numbers of organisms are targeted 26 ; however, this can be partially compensated for by completing IMS and an additional broth enrichment step. 38 Blind passage of the primary enrichment cultures into secondary enrichments before inoculating SMAC plates has been used to increase E. coli O157:H7 recovery rates. 9, 23, 46, 54 It is also an inexpensive and lesslabor intensive method of compensating for high levels of competing background organisms and polymerase chain reaction (PCR) inhibitors. Double-plating of the sample onto SMAC plates of various formulations and on 4-methylumbelliferyl-␤-D-glucuronide agar has also been described. 22, 31, 48, 53 The CT-SMAC is a widely used selective plating medium for isolating E. coli O157:H7 from complex samples; however, direct plating without prior enrichment is not suitable for detecting low levels of the organism in food and fecal specimens. 12, 50, 53 Incorporating paramagnetic beads coated with ␣-O157 antibody (␣-E. coli O157 IMS) has been shown to improve recovery of E. coli O157:H7 from many types of samples, such as human and animal feces, food, and environmental samples. 7, 10, 16, 28, 40 The apparent threshold for recovery of organisms in pure cultures with ␣-E. coli O157 IMS is Ͼ10 2 colony forming units (CFU)/ml. 38 Addition of more complexity in the type of sample, such as feces, further decreases the effectiveness of IMS.
Typically, after recovering sorbitol-negative colonies that exhibit typical colony phenotype on CT-SMAC plates, the isolates were subjected to agglutination reactions to identify the O157 somatic and H7 flagellar antigens. 13 Further steps to confirm that the isolate is E. coli include evaluation of biochemical profiles. 24, 34 ␣-E. coli O157 monoclonal antibodies in enzyme immunoassays have recently been used in screening assays to characterize selected colonies from CT-SMAC. 30 Genetic characterization using either DNA probing or PCR procedures that target the shiga toxin genes, stx-I and stx-II 17, 25, 29, 42, 51 ; the attaching and effacing gene, eaeA 36, 37 ; the large 60-MD plasmid 14 ; the EHEC uidA gene 3 or by DNA fingerprinting techniques have been described. 15, 45 The eaeA-targeted 5Ј nuclease (TaqMan) assay has previously been used in an automated DNA detection system to presumptively identify E. coli O157:H7 in pure cultures and in inoculated ground beef broth cultures. 38 The following study describes the development and assessment of procedures for enriching E. coli O157: H7 from cattle fecal samples and then specifically de-tecting the pathogen with a PCR-based 5Ј nuclease detection assay. The study also reports how this detection system compared with parallel cultural procedures for recovering and detecting E. coli O157:H7 in cattle feces.
Materials and methods
Selective enrichment procedure. Freshly dropped fecal samples were collected from patties identified at 10 different beef cattle herds located within a 50-mile radius of Manhattan, Kansas. The fecal sample was transported back to the laboratory on ice and processed for E. coli O157:H7 the same day. Each fecal sample (10 g) was added to a stomacher bag that contained 90 ml of enterohemorrhagic E. coli enrichment broth (EEB). The EEB was prepared as previously described. 24, 50 In brief, 1.0 liter of tryptic soy broth a was modified to contain novobiocin (0.2 ml novobiocin stock solution [100 mg novabiocin/ml]/liter), cefsulodin (10.0 mg/liter), vancomycin (8.0 mg/liter), and (0.05 mg/liter). b The bags were then stomached c for 30 sec and incubated (37 C, 12 hr, without shaking). This fecal-broth mixture was referred to as the primary selective enrichment fecal culture.
Immunomagnetic separation. Immunomagnetic beads were used to recover E. coli O157:H7 from the primary selective enrichment fecal cultures. Specifically, 1.0 ml of the cultures was transferred to a microcentrifuge tube containing 20 l of ␣-E. coli O157 immunomagnetic beads d and processed according to the manufacturer's instructions. In brief, the beads were agitated and captured with a magnetic separator rack, d washed 3 times with phosphate-buffered saline (PBS), and reconstituted in 200 l of PBS.
Recovery of E. coli O157:H7 after IMS in phase 1 of the study. In the first phase of the study, the reconstituted beads and PBS solution were equally divided ( Fig. 1A) . A 100-l aliquot was spread plated on SMAC a plates supplemented with cefixime and sodium tellurite according to the manufacturer. d Each CT-SMAC plate was incubated (37 C, 18 hr), and all sorbitol nonfermenting (neutral/gray with a smoky center, 1-2 mm in diameter) or negative colonies were recovered onto blood agar plates (incubated at 37 C, overnight). 24 The other 100-l aliquot of magnetic beads and PBS solution was inoculated into 9.0 ml of EEB and incubated for secondary enrichment (37 C, 18 hr). After incubation, the secondary enrichments were plated onto CT-SMAC plates with a cotton-tipped swab, and 1.0 ml was collected for immediate DNA recovery or stored at 4 C. The CT-SMAC plates were incubated (37 C, 18 hr), and all sorbitol nonfermenting colonies were recovered onto blood agar plates. Individual isolates were tested for the presence of the O157 and the H7 antigens by latex agglutination assays. e All isolates Figure 1A . A, flowchart for recovering and identifying Escherichia coli O157:H7 in cattle feces during phase 1. After initial selective enrichment in EEB, IMS was completed, and the beads were reconstituted with 200 l PBS. The bead solution was then equally divided, with 100 l added to 9 ml of EEB for secondary enrichment and 100 l streaked onto CT-SMAC plates. After 18hour incubation at 37 C, 1.0 ml of the secondary EEB was subjected to DNA recovery and the eaeA-based 5Ј nuclease assay. Similarly, all non-sorbitol fermenting (gray to white) colonies were isolated from CT-SMAC plates and were subjected to latex agglutination tests and biochemical characterizations. Follow-up recovery of organisms was completed from the secondary EEB cultures that were identified as PCR-1 positive. B, flowchart for recovering and identifying E. coli O157:H7 in cattle feces during phase 2. After initial selective enrichment in EEB, IMS was completed, and the beads were reconstituted with PBS to 200 l and added to 9 ml of EEB for secondary enrichment. After 18-hour incubation at 37 C, the broth was used to inoculate a CT-SMAC plate and 1.0 ml of EEB subjected to DNA recovery and the eaeA-based 5Ј nuclease assay. All non-sorbitol fermenting (gray to white) colonies were isolated from CT-SMAC plates and were subjected to latex agglutination tests and biochemical characterizations. that were positive for O157 antigens were evaluated biochemically. f
Recovery of E. coli O157:H7 after IMS in phase 2 of the study. In the second phase of the study, the entire reconstituted IMS bead solution was added to 9.0 ml of EEB and incubated in a secondary enrichment step (37 C, 18 hr) ( Fig. 2 ). After incubation, the secondary enrichments were plated onto CT-SMAC plates with a cotton-tipped swab and 1.0-ml aliquots collected for immediate DNA recovery or stored at 4 C. The CT-SMAC plates were incubated (37 C, 18 hr), and all sorbitol nonfermenting colonies were recovered onto blood agar plates. Individual isolates were tested for the presence of O157 and H7 antigens by latex agglutination and identified biochemically as E. coli with API 20E test strips.
Deoxyribonucleic recovery procedure. Deoxyribonucleic acid was recovered from 1.0 ml of the secondarily enriched EEB from each sample using the QIAamp Tissue Kit as described by the manufacturer, g with the resulting DNA stored at Ϫ20 C or used in PCR assays.
Escherichia coli O157:H7-specific 5Ј nuclease assay. The eaeA-based E. coli O157:H7 5Ј nuclease assay amplification conditions were identical to those previously described. 38 In brief, 5 l of sample containing the DNA template to be evaluated was added to 45 l of PCR master mix h ( er control (10 mM Tris-HCl, pH 8.0, 1 mM ethylenediaminetetraacetic acid) and triplicate wells that were no-template controls (NTC) containing no E. coli O157:H7 DNA templates. An initial denaturation step (95 C, 5 min) was followed by 35 amplification cycles of a 2-step PCR (95 C, 20 sec; 60 C, 60 sec), with a final extension (72 C, 10 min or longer) on a thermocycler. j On completion of the PCR, the MicroAmp optical 96-well reaction plate was placed in the LS-50B PCR Detection System k with a 96-well microplate reader upgrade or an ABI Prism 7200 Sequence Detection System. l The degree of hydrolysis of the SZI-97 fluorescent probe or ⌬Rn was then calculated as previously described. 38 The ⌬Rn threshold for determining the presence ''yes'' or absence ''no'' of E. coli O157:H7 DNA was calculated to reflect the 99% confidence value, using the standard deviation of the mean for NTC assayed. 38 Confirmation of cultural results. Samples in which E. coli O157:H7 were recovered in the initial cultural process were classified as culture-1 positives. Culture-1 positives were then confirmed by repeating the characterization procedures. Specifically, the culture-1positive isolates were restreaked on CT-SMAC plates and incubated (37 C, 18 hr). The plates were then interpreted to define their ability to ferment sorbitol, with sorbitol nonfermenting colonies appearing neutral/gray with a smoky center and a sorbitol-positive colony having a pink appearance. All sorbitol-negative isolates were then subjected to O157 and H7 latex agglutination tests and biochemical analyses as described above. All cultural recheck conclusions were termed culture-2 results.
Confirmation of PCR results. In both phase-1 and phase-2 studies, secondary EEB samples were characterized as to whether they contained E. coli O157: H7 DNA using the eaeA-based 5Ј nuclease assay. These interpretations were referred to as the initial PCR results or the PCR-1 results. All samples that were positive in PCR-1 analyses were further evaluated by repeating the 5Ј nuclease assay on the originally recovered DNA sample, and the conclusions from these were referred to as PCR-2 results. The PCR-1-positive samples were also subjected to another eaeA-based 5Ј nuclease assay with DNA reextracted from the original secondary EEB, and these results were referred to as PCR-3 results. Isolates that were confirmed to be E. coli O157:H7 in confirmatory retesting were cultivated as pure cultures in EEB (37 C, 18 hr) and then subjected to an eaeA-based 5Ј nuclease assay, and the conclusions from this assay were referred to as PCR-4 results.
Confirmation using 5Ј nuclease assays for stx-I and stx-II and an enzyme-linked immunosorbent assay for shiga toxins. Genetic analysis of many of the culture-2-positive isolates was completed by determining whether they contained the stx-I or the stx-II gene (or both) in separate 5Ј nuclease assays. m The ability of some of the culture-2-positive isolates to produce shiga toxins was evaluated using a commercial enzymelinked immunosorbent assay (ELISA), following procedures described by the manufacturer. n
Results
Phase-1 study. A total of 550 samples were analyzed in phase 1 of the study. In comparisons with the ''gold standard'' culture-1 results, the PCR-1 results demonstrated a sensitivity and specificity of 0% and 95.7%, respectively (Table 1) . Of the 11 isolates that were identified as positive for E. coli O157:H7 in culture 1, none were confirmed in follow-up confirmatory cultural retests (0 of 11). Phase-1 cultural retests indicated that 8 of the 11 isolates were sorbitol positive in retests on CT-SMAC (pink colonies), 2 of 11 isolates were identified as organisms other than E. coli (E. cloacae and Proteus mirabilis), and 1 isolate was negative for H7 antigens.
To clarify the reasons for the apparent false-positive indications of the phase-1 PCR results, the secondary EEB cultures containing the 23 samples that were identified as being PCR-1 positive and culture-1 negative were used as inoculum to streak new CT-SMAC plates. This follow-up isolation procedure resulted in the recovery of sorbitol-negative colonies from 19 of the PCR-1-positive secondary EEB samples and no growth on CT-SMAC plates from 4 samples. This follow-up isolation procedure resulted in a 78% recovery rate because 18 of the original 23 samples yielded colonies that were confirmed as being E. coli O157:H7 by API 20E biochemical assays, O157 and H7 latex agglutination tests, and PCR-4 analysis.
Phase-1 samples that were PCR-1 positive were in 100% agreement (23 of 23) with PCR 2 that used the same recovered DNA but that repeated the 5Ј nuclease assay. In PCR-3 analyses, in which the DNA extraction procedure from the original secondary EEB cultures and the 5Ј nuclease assays were repeated, 96% (22 of 23) of the samples agreed with the PCR-1 results. In PCR-4 analyses, in which the pure culture isolates obtained in the follow-up cultural recovery procedures were subjected to the DNA extraction procedure and the 5Ј nuclease assay, 100% (18 of 18) of the isolates were in agreement with the original PCR-1 results. Phase-2 study. A second study was initiated to further explore the improved recovery rate of E. coli O157:H7 using the secondary enrichment incubation (Fig. 1B) . A total of 2,979 samples were analyzed in the phase study. Comparing the PCR-1 conclusions with the gold standard culture-1 conclusions indicated a sensitivity and specificity of 22% and 97.2%, respectively ( Table 2) .
Extensive cultural and PCR retesting was completed to confirm the conclusions of the phase-2 culture-1 and PCR-1 results ( Table 3 ). There were 12 concordant samples identified as being E. coli O157:H7 in culture-1 and PCR-1 comparisons. Of these, 8 were confirmed as being E. coli O157:H7 by culture 2 and also demonstrated positive agreement with the PCR-1 conclusions in PCR-2, PCR-3, and PCR-4 results. Two iso-lates were lost to follow-up culturing, but were positive in PCR 1, and demonstrated positive agreement with the PCR-1 results in PCR-2 and PCR-3 conclusions. One isolate was culture-2 negative (a sorbitol fermenter on CT-SMAC) but PCR-2 and PCR-3 positive. One isolate was culture-2 negative (a sorbitol fermenter on CT-SMAC), PCR-2 positive, and PCR-3 negative. All 8 isolates that were culture-1, culture-2, PCR-1, PCR-2, PCR-3, and PCR-4 positive for the E. coli O157:H7 eaeA gene also demonstrated at least one of the stx genes when analyzed with 5Ј nuclease assays to the stx-I and stx-II genes ( Table 4 ). Two isolates (#1045 and #3558) contained both the stx-I and stx-II genes, whereas the remaining 6 isolates contained only the stx-II gene. Shiga toxin production for all 8 of these E. coli O157:H7 isolates was confirmed by the EHEC ELISA (Table 4 ).
Of the 42 samples that were culture-1 positive and PCR-1 negative, 39 isolates were evaluated by confirmatory culture retest and the results defined as culture 2. Fifty-four percentage of the discordant culture-1positive and PCR-1-negative isolates (21 of 39) were negative in culture-2 interpretations, whereas 79% (31 of 39) of all culture-1-positive and PCR-1-negative isolates were confirmed to be negative by culture-2 or Table 3 ). The culture-2 testing resulted in 18 isolates being culturally identified as E. coli O157:H7. Of these 18 culture-2 positives, 8 sample isolates were confirmed by PCR-4 analysis to contain the E. coli O157:H7-specific eaeA sequence. These 8 sample isolates were further confirmed as true positives because they also contained at least one of the stx genes and produced toxins that were reactive in the EHEC ELISA ( Table 4 ). The remaining 10 isolates that were culture-2 positive and PCR-1 negative were PCR-4 negative ( Table 3 ). Evaluations of 6 of these isolates indicated the presence of either stx gene and shiga toxins in only one isolate (#1285) ( Table 4) , further confirming that they were not EHEC O157:H7.
PCR-4 analyses (
Eighty-two samples from phase-2 analyses showed discordant conclusions of culture-1 negative and PCR-1 positive (Table 3 ). Because no isolates were recovered by culture from these samples, no confirmatory culturing was completed; however, evaluations were completed to determine the reproducibility of the PCR interpretations. To accomplish this, a second PCR was completed on an aliquot from the original DNA extract (PCR 2) and on DNA recovered by repeating the DNA recovery and PCR procedure on the original secondary EEB (PCR 3). In discordant samples that were culture-1 negative and PCR-1 positive, the 5Ј nuclease assay was reproducible in a minimum of 2 retests 69.5% (57 of 82) of the time. Positive agreement between PCR-1 and PCR-2 interpretations was demonstrated 63.4% (52 of 82) of the time. Repeating the DNA extractions on the primary EEB samples that were PCR-1 positive and amplifying them (PCR 3) resulted in positive agreement between the PCR-1 and PCR-3 interpretations 57% (36 of 63) of the time. Positive agreement between PCR-1 and PCR-3 conclusions showed positive agreement with the PCR-2 conclusions in 86% (31 of 36) of the samples.
Discussion
The evaluation of microbial detection procedures on field samples using technologies with enhanced analytical sensitivities requires an extensive retesting process to clarify the conclusions, especially when the gold standard methods are imperfect. In this study a real-time PCR method that included a secondary enrichment step proved to be a better indicator of the presence of the E. coli O157:H7 in cattle feces than a standard culture approach. It was necessary to incorporate various retesting schemes on the same samples or on isolates from these samples to determine the true status of E. coli O157:H7 in the samples. The extensive incorporation of retesting of both culture and PCR procedures revealed that the initial assessments of sensitivity and specificity were inaccurate predictors of the PCR test performance. In samples that were initially identified as culture positive but PCR negative, retesting of the culture isolates on CT-SMAC indicated that the initial sorbitol fermentation interpretations could frequently not be repeated, whereas retesting using the 5Ј nuclease assay on the original samples demonstrated a high level of agreement with the initial PCR conclusions. The stability of the PCR assay as demonstrated by retesting would indicate that phenotypic stability or the interpretation of those tests used in the cultural recovery process is a problem with the standard test. These results indicate the necessity of confirmatory evaluation of isolates culturally recovered from CT-SMAC plating and the value of the E. coli O157:H7-specific 5Ј nuclease assay for rapidly screening a complex matrix such as cattle feces from a selective enrichment broth.
Inability to confirm many of the initial culture-positive isolates as true positives by retesting substantiates the subjective nature of several key phenotypic markers used to recover and characterize E. coli O157:H7 from fecal samples. This was evident in the phase-1 results in which no agreement was found between the initial cultural (culture 1) and the 5Ј nuclease (PCR 1) detection procedures (0% sensitivity and 95.7% specificity). Extensive retesting of each procedure was necessary to determine which was reproducible for identifying true positives and to assist in clarifying the reasons for the false-positive indications. Surprisingly, all phase-1 isolates that had been characterized as culture-1 positives were found to be false positives in confirmatory cultural retests of the isolates. The primary factor identified was the inability to reproduce the sorbitol-negative phenotype on CT-SMAC.
The conclusions of the phase-1 study agree with an earlier assessment that the recovery and detection of low concentrations of E. coli O157:H7 can be improved if the sample is subjected to a secondary enrichment. 38 The rational for using EEB as a primary selective enrichment, followed by ␣-O157 IMS and CT-SMAC spread plating, was to improve the sensitivity for detecting E. coli O157:H7 in food and feces with high levels of competitive microflora. 28, 50 The use of a secondary enrichment after the primary selective enrichment and the IMS enrichment was based on previous reports of markedly increasing the recovery of Salmonella species from raw sausage samples 8 and E. coli O157:H7 from pure cultures, 38 human and cattle fecal samples. 5, 27 This approach was appropriate because it demonstrated the inability to recover E. coli O157:H7 on CT-SMAC from some samples unless the samples had been secondarily enriched and was similar to what had been previously demonstrated with pure cultures in broth culture. 38 This phenomenon was initially indicated in phase 1 by positive PCR results (PCR 1) from secondary enriched EEB cultures that were negative when plated onto CT-SMAC. These results were confirmed as true positives by either demonstrating positive agreement in PCR interpretations by repeating the DNA extractions and PCR or recovering colonies retrospectively from the secondarily enriched EEB broth cultures that were culture-1 positive onto CT-SMAC and then confirming their identity as E. coli O157:H7 both culturally and with the eaeAspecific 5Ј nuclease assay.
The phase-1 PCR retests indicated that the inclusion of a secondary enrichment step and the subsequent 5Ј nuclease assay (PCR 1) produced results that were reproducible and specific for E. coli O157:H7. The secondary enrichment and subsequent PCR procedure also demonstrated that E. coli O157:H7 could be detected in fecal samples that were otherwise negative after primary enrichment in EEB and IMS plating onto CT-SMAC because 78% of the discordant samples that were PCR-1 positive and culture-1 negative were confirmed to contain the target organisms.
In phases 1 and 2, the high false-positive rates by the culture method were unexpected. The inability to confirm all the phase-1 and many of the phase-2 culture-1-positive isolates as E. coli O157:H7 indicated several areas of concern in the current culture recovery and detection process. First, there is concern over the inability to successfully repeat the interpretation of sorbitol utilization on CT-SMAC. Several factors may be involved.
Identifying the ''correct'' sorbitol-negative colonies is highly subjective. As indicated in an earlier characterization study, a discriminatory characteristic of EHEC O157:H7 was its inability to rapidly (within 24 hours) ferment D-sorbitol. 11 These investigators also indicated that some E. coli O157:H7 and O157:NM strains would ferment sorbitol within 24 hours or mutate to a sorbitol-fermenting phenotype under certain conditions. The latter observation was confirmed when it was demonstrated that E. coli O157:H7 sorbitol-positive mutants could be selected and that the sorbitolnegative phenotype was not associated with the pathogenicity of E. coli O157:H7. 19 Second, there is concern over the inability to detect sorbitol-negative E. coli O157 colonies on SMAC, which is a common occurrence. 26, 41, 46 Several reasons may account for the inability of the CT-SMAC plating method to detect E. coli O157:H7. The most apparent is the insensitivity of the method. As previously demonstrated in pure culture analyses and in experimentally spiked samples, the plating efficiency of laboratory-reared E. coli O157:H7 strains onto CT-SMAC was between 48% and 39%, respectively. 26, 50 Also contributing to the apparent insensitivity of CT-SMAC was the presence of cefixime and tellurite. These compounds have previously been shown to limit growth of some E. coli O157:H7 strains, when metabolic activities are monitored by growth curves in conductance studies. 32 Recommendations to eliminate or reduce the concentration of these compounds to overcome this inhibition, although feasible with some types of food samples with low background flora levels, 26 are not likely to improve recovery rates in fecal specimens. Isolation of E. coli O157:H7 from fecal samples requires selective growth conditions to allow low concentrations of the organisms (Ͻ10 2 CFU/ml) the chance to replicate and reach detectable thresholds regardless of the recovery or detection method. 46 Data from the phase-2 study indicate that additional controls will need to be integrated into the 5Ј nuclease assay because 19% of the culture-positive and PCRnegative discordant samples were PCR false negatives. This was indicated in 8 samples that were not identified in PCR 1 but were positive in culture 1 and culture 2. Incorporating internal PCR controls or mimics to the sample before or after DNA recovery would indicate whether inhibitors interfered with the 5Ј nuclease assay. Additional studies incorporating these controls should increase the reliability of the 5Ј nuclease assay and ensure that endogenous PCR inhibitors are not responsible for false-negative PCR results. Regardless, the high level of disagreement between initial culture results and retests, and the high level of agreement between initial PCR results and retests, indicates the potential of the 5Ј nuclease detection system for presumptively detecting E. coli O157:H7 in cattle feces.
